Physiological responses to salinity increases in the freshwater silversides Odontesthes bonariensis and O. hatcheri (Pisces, Atherinidae) by Tsuzuki, Mônica Y. et al.
Note
Rev.bras.oceanogr.,48(1):81-85,2000
Physiological responses to salinity increases in the freshwater
silversides Odontesthesbonariensisand O.hatcheri(Pisces, Atherinidae)
MônicaY. Tsuzuki\ HidekiAikawa2;CarlosA. Strüssmann1& FumioTakashima1
lTokyoUniversityofFisheries,DepartmentofAquaticBiosciences
'(4-5-7Konan,Minato-ku,Tokyo108-8477,Japan)
e-mail:monica_tsuzuki@hotmail.com
2InlandWaterExperimentalStation,KanagawaPrefectureFisheriesResearchCenter
(Ooshima3657,Sagamihara-shi,Kanagawa-ken229-1135,Japan)
. Descriptors:Salinitytolerance,Cortisol,Osmoregulation,Stress,Pejerrey,Atherinidae.
. Descritores:Tolerânciasalinidade,Cortisol,Osmoregulação,Estresse,Peixe-rei,Atherinidae.
Introduction
MembersofthefamilyAtherinidaedisplay
variousdegreesof salinitytoleranceandasa result
theyhaveradiatedintoawiderangeofenvironments
(Hubbset ai., 1971;Bamber& Henderson,1988;
Middaughet aI., 1990).The pejerreyor silverside,
Odontesthesbonariensis(Valenciennes,1835),is an
importantcommercialspeciesnativeto temperate
and sub-tropicalinlandwatersof SouthAmerica.
Pejerreyhasbeenintroducedintosevera1countries,
includingJapan,asagamefishor asacandidatefor
tteshwateraquaculture(Bonetto& Castello,1985).
The congenerico. hatcheri(formerlyPatagonina
hatcheri;Dyer,1993),ttomffeshwatersofPatagonia,
Argentina,isalsoapotentialspeciesforcu1tivationi
temperateareas(Strüssmannetai.,1997).
Although these speciesare commonly
propagatedin ffeshwater,preliminaryevidence
gatheredin seedproductioncentersandcommercial
fish farmsin Japansuggeststhatmoderatesalinities
allowbetterperformance,in particulartheattaÍnment
of stab1esurvivalrates under stressconditions
(Murayamaetai., 1977;Umezawa& Nomura,1984;
Strüssmannet ai., 1996;Tsuzukiet ai., 2000b).
Studieswithlarvaeandjuvenilesofbothspeciesalso
showedbestsurvivalandgrowthratesatintermediate
salinities,althoughthe optimumsalinityfor each
speciesvariedconsiderably(Tsuzuki,1999;Tsuzuki
etai.,2000a).
Thepresentstudyhadthedualpurposeof
comparingthesalinitytoleranceof sub-adultsof O.
bonariensisand O. hatcheri, and obtaining
preliminaryinformationontheirosmoregulatoryand
compensatorystressresponsesunderdifferentNaCl
concentrations.Sodiumchlorideinsteadof seawater
wasusedinthisstudybecausethesearethesaltsmost
commonlyemployedto raise salinity during
husbandrypracticesofthesespecies.Thus,therewas
also an interestin the elucidationof the relation
betweenNaClandimprovedperformance.Thestudy
consistedof the ana1ysisof survivaland blood
parameters(Na+ andcr ion levels,osmolality,
hematocritandcortisol)in fishgraduallyor direct1y
exposedtosa1initiesbetweenOand3.0%NaCl.
Materiaisandmethods
The experimentwas conductedwith
hatchery-rearedsub-adults of Odontesthes
bonariensis(meanbodyweightof 24.1g andtotal
lengthof 16.1em)ando. hatcheri(27.8g and18.1
cm) at the Inland Water ExperimentalStation,
KanagawaPrefectureFisheriesResearchCenter,
Japan.Fishraisedin ffeshwaterweretransferredto
200-litertanksandallowedto acclimateto thetanks
in runningwater(O % NaCl) for 10 daysbefore
experimentationata densityof 150fish/m3.During
thisperiod,fishwerenotdisturbedexceptforfeeding,
whichconsistedof theadministrationf commercial
pellets(EX ayu#3;NihonNousanKougyouLtd.)
twicedailytosatiation.No foodwasdistributed24h
prior to and during the experimentalperiod.
Temperaturewaskeptat19::I:1°candaerationwas
providedtomaintaindissolvedoxygenearsaturation
levels.Naturalphotoperiodconditionswereusedin
the experiment.No mortalityoccurredduringthe
acclimationperiod.
In ordertomeasuretheosmoticandnormal
compensatorystressresponses,salinityin the test
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tankswasabruptlychangedtoO,0.5,1.0,2.0and3.0
% NaCl,orgraduallyincreasedto 1.0,2.0and3.0%
NaCl (increasesof 0.5% NaClperday),byaddition
of a concentratedstocksolutionof NaCl. Thestock
solutionWa~preparedby dissolutionof commercial
~rad\';NaClsaltin fTeshwater.Salinitywasmeasured
w\thapopticalrefTactometer(Atago)to thenearest
0.1%.
BIQodsampleswerecollectedfTom4-5fish
fTomeachsalinitygroupimmediatelybefore,andat
3, 9, 24and168h afierthesalinityincrease(orthe
attainmentof the fmal salinitylevelsin gradualIy
acclimatedgroups).For thi~purpose,fish were
quicklyanesthetized(0.5mUI- 2ftphenoxyethanol),
the size of the fish w'!arecorded,andbloodwas
drawnfTomcaudalvesseh!into lithium-heparinized
syringes.Hematocritwasftl~{lSUfedimmediatelywith
anautocritcentrifuge(ClayAdamsLtd.;11,500rpm,
10minutes).Plasmawass@paratedfTomthewhole
bloodbycentrifugationat3,000rpmfor 10min,and
storedat - 85°C untUanal)'$is.The foUQwing
analysisweremade:plasmacortisol,with the1125
radioimmunoassaycortisolkit (SPAC-SCortisolKit,
Japan),osmolality,witha vaporpressureosmomet@r
(WescorInc.), cr and Na+,with an ion meter
(ShimadzuCIM-I04A). Becausep@jerreyof thesize
employedin thisstudyhavelittleblood(only0.3-0.4
ml can be takenfTom one individual),ít was
necessaryto pool the bloodfrom alI fish in each
samplingto obtainsufficÜmtvolumefor analysis.
Duetothislimitation,individualvariationscouldnot
beassessed.However,becausesampleswerepooled,
eachvaluesupposedlyapprQ"imatesthetruemennQf
4-5 individuaIs.Survivalrateswere.calculatedITom
thenumberof survivingfi!?llbetwee.neachsampling
period.
Resultsand discussion.
Thegradualacclbnationto salinityin daily
incrementsof 0.5%NaCl did.noteffectanychanges
in theresultsof survival,osmoreg\llatoryandstress
responsesin comparisontothecorrespondinggroups
subjectedto directtransf~r,For thh3reason,datafor
gradualIyacclimatedgroupsarenotpresentedin the
figures.NomortalityoccurredatsalinitiesbetweenO
and2.0%NaCl forbothspecie!';(resultsnotshown).
ln contrast,mortalityrates'reached100% within3h
in o. hatcheriandwithin24h in o. bonariensisafier
transferto3.0% NaCl.Thus,theupperlimitforthe
survivalof sub-adultsof thesespedesfallsbetween
2.0and3.0%NaCl.AlthQughthepresentstudydealt
with differentconcentrationsof NaCl insteadof
seawater,theresultssuggesta toleranceto a wide
rangeofsalinities.Thismightindicatethatsub-adults
of both speciesare also euryhaline,as has been
observedwith eggs,larvaeandjuveniles(Tsuzuki,
1999;TsuzukietaI.,2000a),
ConspicuouschangesinplasmaNa+,cr and
osmolalityoccurredonlyat2.0and3.0% NaCl in
bothspecies,wherealI threeparametersincreased,
andatO% NaCl in o. bonariensis,wherecr levels
weresomewhatlowerthanatothersalinities(Fig.1).
Decreasesandincreasesin plasmacr alsooccurred
duringrecoveryafierstressat O and3.0% NaCl,
respectively,in sub-adultsof stripedbassMorone
saxatilis (Cech et aI., 1996). Higher plasma
osmolality,Na+ or cr withincreasingwatersalinity
\.Vasalsoobservedin otherspecieswhenindividuaIs
were exposedto differentdilutionsof seawater
(Morgan& lwama,1991;AltinoketaI.,1998;Vonck
etaI., 1998).In ourstudy,Odontesthesbonariensis
seemedto osmoregulatemoreefficient1ythan o.
hatcheriat2.0% NaCl astotalosmolality,Na+and
cr returnedto basallevelswithin 1 weekin the
formerbutnotinthelatterspecies.
Hematocritvaluesvariedwidely,particularly
in o. hatcheri,precludingan accuratecomparison
betweensalinitiesand species.However,values
seemedto be lower in o. bonariensisthanin o.
hateheriandtovarygrosslyin inverseproportionto
salinityin bothspecies(Fig. 1).The lowestvalues
wereobtainedin animaIsat3.0% NaCljustbefore
100 % mortality.A similartrendof decreased
hematocritvalue witb increasingsalinity was
observed in chinook salmon Oneorhynchus
tshawytscha:fTy(Morgan& Iwama,1991)andin
sturgeonAcipenseroxyrinehusde sotoi(Altinoket
ai.,1998)whenanimaIsweretransferredfTomdiluted
to fullftstrengthseawater,On the otherhand,the
oppositephenomenonoccurredin rainbowtroutO.
mykiss(Morgan& lwama,op.eit.).Morgan& lwama
(1991)attributedtbesevariableresponsesto species-
specificdifferencesin red bloodcell andplasma
volumechanges.
PlasmaCQrtisQlalso variedmarkedlybut
valuesweresomewhatlowerandmorestableat2.0
and1,0% NaCl in O. bonariensisando. hateheri,
respectively,comparedto othersalinities(Fig. 1).
LQwel,'cortisolevelsmightsuggesteithera natural
preferencefor these particularsalinity levels,
resultingin decreasedcortisolsecretion,or an
increasinthemetaboliclearancerateofcortisol,as
observedbyNichols& Weisbart(1985)afieI,'transfer
of AtlanticsalmonSalmosalar to seawater.It is
interestingtonotethatanimaIskeptatO% salinity,
originallyconsideredthenaturalconditionfor both
species,didnotpresentthelowestcortisolevels.In
fact,thelowestlevelsfoundforbothspeciesatO%
salinityintbisandsubsequentstudies(Tsuzuki,1999
Tsuzukieta!.2000b)are7-to 10-foldhigherthanthe
basal levei!!reportedfor stenohalinefteshwater
speciesuchascarpCyprinuscarpio(AboHegab&
Hanke,1984)andgoldfishCarassiusauratus(Barton
& Iwama,1991).Incomparisontoeuryhalinespecies
rearedin freshwater,therestinglevelsforpejerrey
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Fig. 1.PlasmaNa+,cr andosmolality,hematocritandplasmacortisolin sub-adultsof Odontesthes
bonariensisando. hatcheriduringexposuretosalinitiesofO-3.0%NaCl.Cortisolvaluesfor
O. bonariensisat3h for0.5and1.0% NaCI couldnotbeincluded ueto problemsduring
analysis.
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were 10- to 20-fo1dhigherthanthosefor ti1apia
Oreochromismossambicus(Assem& Hanke,1981;
AboHegab& Hanke,1984),and4- to5-foldhigher
thanthosefor the stripedbassMoronesaxati/is
(Barton& Iwama,1991;Cechet aI., 1996).The
formerisafreshwaterspecieswhereasthelatteris an
estuarinespecies.The physio10gica1ndeco10gica1
significanceof theseleve1sof cortiso1forpejerreyis
still unknown.However,since cortisolincreases
duringstressandsinceitpromoteswaterinfluxacross
thegillswithsubsequentlossofelectro1ytes(e.g.Cr)
in tresh water (Mazeaud& Mazeaud, 1981;
Wedemeyeret aI., 1990),highcortisolevelscould
precipitateandJor potentiate osmoregu1atory
dysfunctionat O % salinity.Likewise,treshwater
madedifficu1ttomaintainstableion levelsduringor
afterstressin browntroutSalmotrutta(Nikinrnaaet
aI., 1983),walleyeStizostedionvitreum(Barton&
Zitzow, 1995)and stripedbassMoronesaxatilis
(Cechet.aI.,1996). .
Theresu1tsofcortisolandcr ionobtainedin
the presentstudycouldbe an indicationthatO.
bonariensisando. hatcheriarenottrulyadaptedtoO
% salinity.Thishypothesis supportedbyevidence
that the familyAtherinidae,which is considered
primari1ya marinecoastalgroup,only recent1y
invaded treshwaterenvironrnents(Bamber &
Henderson,1988).In fact,many species of the
genusOdontesthesthatare regardedas treshwater
speciescan be foundin brackishwaterssuchas
in estuaries and lagoons (Martty, 1992),
suggestingthatthetransition of thesespeciesto
treshwaterenvironrnentsis still notcomp1eted.On
the otherhand,theseobservationsare consistent
with the 1ackof differencesin salinityto1erance
betweensub-adultstransferredgraduallyor abrupt1y
to different sa1initiesin this study,as well as in
larvaeandjuvenilesasreportedby Tsuzuki(1999)
and Tsuzukiet aI. (2000a).Thislackof difference
seemsto becoherentwith a naturalability of
these speciesto cope with short-term,abrupt
variations in salinitythat can be expectedin
estuarineenvironrnents(Bamber& Henderson,
1988).
The abovefindingssuggesthatthe sub-
adu1tsof both species respond similarly at
intermediatesa1initiesbutnotatextremeones.Thus,
Odontesthesbonariensisseemsto toleratehigh
salinitiesbetterthano. hatcheri,whereasthereverse
occursin low sa1inities.The resultsalso raisea
questionon theadequacyof treshwater,especially
duringsituationsof stress,for therearingof both
speciesandpointto a possibleeffectof salinityon
plasmacortisol1eve1s.Ongoingresearchshouldhe1p
clarifYthepointsraisedinthisstudyandelucidatethe
physiologicalroles of salts in the promotionof
survivaland in the reductionof stress-induced
osmoticandionicimbalances.
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